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The anuran family Alsodidae is currently composed of 30 
species in three genera: Abodes, Eupsophus and Limno¬ 
medusa (Frost 2017). The species of the monotypic genus 
Limnomedusa is distributed throughout northeastern Ar¬ 
gentina, adjacent Paraguay, Uruguay and southern Brazil 
(states of Parana, Santa Catarina, and Rio Grande do Sul) 
(Kwet et al. 2010). Limnomedusa macroglossa (Dumeril 
& Bibron, 1841) is a medium-sized frog (average snout- 
vent length in males 46.7 mm and in females 52.9 mm; 
Kaefer et al. 2009) with a dorsal skin that is covered by 
large warts and elongated tubercles. The dorsum is brown 
or grey, with a light-coloured triangular spot on the snout 
and a dark spot between and behind the eyes (Straneck et 
al. 1990, Kwet et al. 2010). Limnomedusa macroglossa has 
been considered a threatened species in Paraguay (Motte 
et al. 2009), whereas in Brazil, it is listed as ‘critically en¬ 
dangered’ in the state of Parana and ‘endangered’ in the 
state of Santa Catarina (Segalla & Langone 2004, CON- 
SEMA 2011). However, L. macroglossa is classified as ‘least 
concern in global and Brazilian lists of threatened species 
(lUCN 2016, BRB 2016). 

Limnomedusa macroglossa is terrestrial and occurs 
widely in open habitats and forests where it lives on the 
ground near streams on basalt or rocky outcrops (Gudy- 
nas & Gehrau 1981, Kwet et al. 2010). The most compre¬ 
hensive study on the reproductive biology of this species 
was that of Kaefer et al. (2009), who provided detailed in¬ 


formation on the reproductive season, reproductive mode, 
number and diameter of eggs, calling period, calling site, 
and breeding habitat. The eggs (396 ± 65.8 eggs per clutch; 
Kaefer et al. 2009) are laid during the months of Septem¬ 
ber, October and November in flood pools and temporary 
ponds along rivers and small rocky streams, and the tad¬ 
poles grow up in both ponds and streams (Kaefer et al. 
2009). Despite this information on its reproductive biol¬ 
ogy and even published audio recordings of calls in guides 
from Argentina and Brazil (Straneck et al. 1990, Kwet 
& Marquez 2010), quantitative parameters of the adver¬ 
tisement call of L. macroglossa have yet to be described. 
Herein, we provide the first description of the quantitative 
parameters of two different calls of L. macroglossa. 

A calling male L. macroglossa (Fig. 1) was recorded 
on 10 October 2013 in the municipality of Tres Barras do 
Parana, state of Parana, Brazil (-25.4061°; -53.1173°). The 
calls were recorded at a sampling rate of 22 kHz and 16- 
bit resolution (wav file format) using a Tascam recorder 
coupled to a Sennheiser ME66 microphone positioned at 
about 50 cm from the calling male. Air temperature was 
measured with a digital thermo-hygrometer (precision ± 
i°C). The voucher specimen was collected and deposit¬ 
ed in the Amphibian Collection of the Universidade Tec¬ 
nologica Federal do Parana, Francisco Beltrao (RLUTF 
918). Recordings were deposited in the Fonoteca Zooldgi- 
ca (FonoZoo - the animal sound library of the Museo Na- 
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cional de Ciencias Naturales, Madrid, Spain; 10038). Ad¬ 
ditional call recordings were also obtained from FonoZoo 
(Supplementary Table Si). Some of these vocalizations 
were found published in an acoustic guide containing 
calls of amphibian species from southern Brazil and Uru¬ 
guay (Kwet & Marquez 2010). Analyses of all recordings 
of L. macroglossa were performed at sampling frequen¬ 
cies of 22 kHz and 16-bit resolution. For each recording, 
data on site, date, hour and air temperature at the time of 
recording were compiled (Supplementary Table Si). Two 
specimens were deposited in the collection of the Museu 
de Ciencia e Tecnologia (MCT) at the Pontificia Univer- 
sidade Catblica do Rio Grande do Sul (PUCRS) (MCT 
2566, 5607). 

Calls were analysed on a personal computer using 
Raven Pro software, version 1.5, 64-bit version (Bioacous¬ 
tic Research Program 2013), with the following settings: 
window size = 256 samples; window type = Hann; over¬ 
lap = 50%; DFT size = 256 samples, grid spacing = 188 Hz. 
Sound figures were produced using the Seewave pack¬ 
age version 1.6.4 (Sueur et al. 2008) of the R platform, 
version 3.3.2, 64-bit version (R Development Core Team 
2016). Seewave settings employed were: window name 
(Fast Fourier Transformation) = Hanning window func¬ 
tion; window length = 256 samples; overlap = 80%. 

Terminology and definitions in call descriptions follow 
Kohler et al. (2017). We analysed 20 advertisement calls 
from each individual (n = 120 calls analysed, n = six indi¬ 
viduals), and 22 aggressive calls from four males (see Ta¬ 
ble 1, Supplementary Table Si). Five call parameters were 
measured from the oscillogram: call duration (s), pulse 
number, pulse duration (s), inter-call interval (s), and call 
rate (calls/minute). Spectral parameters were obtained by 
selecting two variables in Raven 1.5: (1) 90% bandwidth 
(Hz), where the two parameters (upper and lower fre¬ 
quency) included the lowest and highest frequencies, mi- 



Figure 1. Adult male Limnomedusa macroglossa from Tres Barras 
do Parana, Parana State, Brazil. Photo by R. Lingnau. 


nus the upper and lower 5% of the frequency band formed 
by the energy distribution; and (2) dominant frequen¬ 
cy (Hz). The number of harmonics and the frequency of 
each harmonic of the analysed calls were measured from 
spectrograms. Measurements are presented as the mean ± 
standard deviation (minimum-maximum) or mode. 

Recorded males of L. macroglossa called from the 
ground, sitting on flooded soil or rocks, or partially sub¬ 
merged at the edge of rivers or ponds. Air temperatures of 
analysed recordings ranged from 17-24°C. Most recorded 
males emitted two different calls: an advertisement call and 
an aggressive call. Numerical parameters of these calls are 
presented in Table 1. 

Advertisement calls (Fig. 2) were composed of a single 
pulsed note with harmonic structure and emitted alone or 
in groups of two to seven calls (Table 1). The number of 
harmonics ranged from two to six, but calls with three har¬ 
monics were most common; the dominant frequency was 
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Figure 2. Advertisement call of Limnomedusa macroglossa from 
Rio Guarani, Tres Barras do Parana, BrazU. (A) Oscillogram of a 
series of advertisement calls; (B) spectrogram (above) and oscil¬ 
logram (below) of the advertisement call highlighted with a red 
outline (air temperature = 21.6°C). Voucher specimen RLUTF 
918. Voucher recording: FonoZoo 10038. 
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Figure 3. Aggressive call of Limnomedusa macroglossa from 
near Tacuarembo, Uruguay. Spectrogram (above) and oscillo¬ 
gram (below) (air temperature = 17°C). Unvouchered specimen. 
Voucher recording: FonoZoo 17300. 
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Table 1. Call parameters of vocalizations of adult males Limnomedusa macroglossa summarized from various recordings. Measure¬ 
ments are presented as the mean ± standard deviation (minimum-maximum) or mode (for pulse number and call group). Air tem¬ 
perature during recordings varied between 17 and 24°C. 


Advertisement call Aggressive call 

Parameter (n = 120 calls analysed, n = six males) (n = 22 calls analysed, n = four males) 


Call duration (s) 0.07±0.01 (0.05-0.09) 

Pulse number 6 (4-9) 


Pulse duration (s) 

Silence interval between calls (s) 
Call rate (s) 

Call group 

Dominant frequency (Hz) 

Upper frequency (Hz) 

Lower frequency (Hz) 

Harmonic number 
Harmonic 2 (Hz) 

Harmonic 3 (Hz) 

Harmonic 4 (Hz) 

Harmonic 5 (Hz) 

Harmonic 6 (Hz) 


0.01±0.00 (0.01-0.03) 
0.55±0.74 (0.04-6.56) 
91.17±42.12 (46-152) 

1 (1-7) 

1002.01±92.04 (861.30-1205.90) 
1633.67±387.45 (1033.60-2325.60) 
735.01±103.49 (516.80-947.50) 

3 (2-6) 

1949.49±221.35 (1550.40-2239.50) 
2910.57±403.58 (2067.20-3445.30) 
4193.03±290.21 (3617.60-4651.20) 
5135.69±69.46 (4995.70-5168.00) 
6263.09±249.25 (5857.00-6546.10) 


0.40±0.03 (0.35-0.45) 

19 (15-29) 

0.01±0.00 (0.01-0.03) 
1.20±0.46 (0.57-2.15) 
3.32±1.04 (1-4) 

884.84±201.00 (689.10-1205.90) 
1887.11±350.55 (1033.60-2239.50) 
555.95±91.03 (516.80-861.30) 

3 (2-3) 

1660.03±146.03 (1378.10-1894.90) 
2385.91±245.35 (2239.50-2928.50) 


in the first harmonic (Fig. 2, Table i). The advertisement 
call was emitted by all males of L. macroglossa recorded, 
and was the most frequently heard call. Advertisement 
calls emitted alone were the most common vocalizations 
(34.2% of all calls), followed by calls emitted in groups of 
two (30% of all calls); groups of seven calls were recorded 
only once (0.8% of all calls). 

Aggressive calls comprised a pulsed note with har¬ 
monic structure (Fig. 3). This call exhibited a gradually in¬ 
creasing amplitude and a decreasing frequency modula¬ 
tion towards the end of the call. Males emitted this call 
only sporadically. Aggressive calls possessed two or three 
well-defined harmonics and higher values of call duration, 
pulse number, pulse duration, and upper frequency than 
the advertisement call (see Table 1 for complete numeri¬ 
cal values). 

Limnomedusa macroglossa emits two different call types 
that we refer to as an advertisement call and an aggressive 
call, respectively (sensu Toledo et al. 2015, Kohler et al. 
2017). Aggressive calls were emitted by males in response 
to advertisement calls from other males. Since there are 
no previous reports on territoriality or physical combat 
in L. macroglossa (Kaefer et al. 2009, Langone & Pri- 
GiONi 1985) further studies should be conducted to con¬ 
firm its aggressive function. The vocal behaviour of males 
of L. macroglossa seems to comprise the frequent alternat¬ 
ing emission of both call types to attract females on the 
one, and in a context of inter-male aggressiveness on the 
other hand. 

Vocalization by L. macroglossa was first reported in a 
book accompanying a cassette tape with anuran recordings 
from Argentina (Straneck et al. 1990), but parameters of 
these calls were not provided. The first sonogram provided 


on page 47 in Straneck et al. (1990) seems to represent the 
vocalization that we identified as the advertisement call, 
whereas the sonogram below refers to what we consider 
the aggressive call. 

Vocalizations of males play a key role during the re¬ 
productive period for most anuran species (Wells 2007), 
and accurate quantitative descriptions of anuran calls may 
provide important information for taxonomic and phylo¬ 
genetic studies by uncovering relationships between taxa 
(e.g., Goicoechea et al. 2010). Limnomedusa is a mono- 
typic genus and comparisons with calls of related species 
are limited. As with other species of the family Alsodidae, 
the advertisement call of L. macroglossa is composed of a 
single harmonic note, although call duration is shorter and 
dominant frequency is lower than in the calls of most spe¬ 
cies of Eupsophus (Formas 1989, Formas & Brieva 1994, 
Nunez et al. 2012). The spectral structure (without a se¬ 
ries of sidebands) and temporal structure (pulsed call) of 
the L. macroglossa vocalizations also differ from the call 
structure in Eupsophus, thus apparently not corroborat¬ 
ing a close relationship between Limnomedusa and the Eu- 
psophus-Alsodes clade. The advertisement call of L. macro¬ 
glossa seems to be more similar to the calls of some spe¬ 
cies of the family Cycloramphidae (Supplementary Table 
S3). On the other hand, closely related species may have 
completely different call structures, as is the case of Boana 
riojana and Boana marianitae (Kohler et al. 2017), and 
a different call structure does not necessarily contradict 
close relationships. Our bioacoustic data support those of 
Blotto et al. (2013), who reported on the molecular phy¬ 
logenetics of Alsodidae and suggested that the inclusion of 
Limnomedusa within Alsodidae should be considered pro¬ 
visional (see Frost 2017). 
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